Emotional egocentric bias (EEB) occurs when, due to a partial failure in self-other distinction, 33 empathy for another's emotions is influenced by our own emotional state. Recent studies have 34 demonstrated that this bias is higher in children, adolescents and older adults than in young adults.
cut-off has been reported as most appropriate to screen for cognitive impairment (Kukull et al., 141 1994) . Written consent was provided by participants, who received € 25 each for taking part in the 142 study. The study had received approval by the local ethics committee and was carried out in 143 accordance with the Declaration of Helsinki (latest revision, 2013). The experimental session begun with the participant being introduced to an alleged other 146 participant (a confederate of the study, from now on confederate) and the delivery of the 147 instructions to both of them together, with the aim to get them acquainted. During the instructions, 148 the experimenter explained that the participant and the confederate would have to perform the 149 same task, with the participant lying inside and the confederate seated outside the MR scanner. 150 After this initial phase, the participant was accompanied to the MR scanner room. Overall, the 151 participants had to complete three tasks in the scanner: an empathy task, the EEB task, and an 152 imitation-inhibition task (Brass et al., 2005) . The present paper focused on the results of the EEB 153 task only, while the results of the other tasks will be or have been reported elsewhere (Riva et al., 154 2018). 155 The EEB paradigm implemented in the current study closely followed the procedure of the second 156 fMRI experiment described in Silani et al. (Silani et al., 2013) . Each trial of the EEB task comprised a 157 stimulation phase and a rating phase. In the stimulation phase, transient pleasant or unpleasant 158 affective responses were induced by means of visuo-tactile stimulation of the participants. In one 159 run, they were instructed to empathize with the feelings of the other participant (i.e., the 160 confederate). The affective responses elicited in the pairs of participants could be either congruent 161 (both pleasant or both unpleasant, congruent condition) or incongruent (self pleasant and other 162 unpleasant, or vice versa, incongruent condition). The visuo-tactile stimulation consisted of the participants seeing on the screen the picture of an object/animal (e.g., a rose, a snail, maggots) 164 accompanied by the text "YOU" and simultaneously, their left palm was stroked by an experimenter 165 using an object whose tactile qualities resembles those of the displayed object or animal. Next to 166 the first picture, the picture of another object/animal accompanied by the text "OTHER" (see Fig.1 ) 167 was displayed on the screen, indicating the object/animal with which the confederate's palm was 168 being stroked. The stimulation phase lasted for 3 s. The visual stimuli were presented and seen by 169 means of a back-projection system installed on the scanner site. Afterwards, participants were 170 asked to rate the pleasantness of the confederates' feelings. The ratings were provided on a visual 171 analogue scale by moving the cursor on the screen using an MR-compatible response box. The 172 selected screen coordinates were converted offline to a scale ranging from -10 (very unpleasant) to 173 +10 (very pleasant). The participants were instructed to respond as quickly and accurately as 174 possible, with a response time limit of 3 s. Offline, the ratings provided in the incongruent condition 175 were compared to the ratings provided in the congruent condition. In order to exclude that the 176 difference in the ratings between the incongruent and the congruent other-judgment conditions 177 was due to a mere incongruity effect, another run was implemented, during which participants had 178 to rate their own feelings while undergoing incongruent and congruent stimulation as well (self-179 judgment run). For both the self-and the other-judgment runs there were 20 congruent and 20 180 incongruent trials (10 pleasant and 10 unpleasant). Self-and other-judgment runs were 181 counterbalanced between participants. (∆other-judgement), from which the corresponding difference between incongruent and congruent ratings in the self-judgment condition (∆self-judgement) were subtracted. Hence, EEB = ∆other-judgement -187 ∆self-judgement. Note that as in previous work, data from the unpleasant trials were multiplied by -1, so 188 that values across the pleasant and unpleasant trials could be directly compared. reactivity (personal distress, empathic concern, perspective taking, and fantasy) by means of the An EEB score was computed for each subject and a one-way ANOVA with Group (3 levels: AD, YA, 202 OA) as a between-group factor was then performed. In case of significant main effects, post hoc 203 comparisons (Bonferroni adjusted) were computed. In addition, to test our hypothesis of higher EEB 204 in adolescents and older adults, both quadratic and linear relationships between age and EEB were 205 tested for significance. For both models the relative AIC (Akaike's information criteria) index was 206 computed using http://graphpad.com/quickcalcs/AIC1.cfm, which was also used to compare the 207 different models. we then followed the same sequential analysis approach, which consisted of three basic steps. First, 244 we were interested to test, separately for each group, whether there was significant activity within 245 the rSMG associated to the EEB contrast and whether there was rSMG connectivity with rS1, rS2 246 and visual cortex (VC), i.e. the areas which had shown significant activity and increased connectivity, To this purpose, we generated four masks representing rSMG, S1, S2, and visual cortex 249 starting from the significant clusters found in Silani et al. (2013) . These masks were employed for 250 the first and the second analysis step. In this first step, we adopted a small volume correction (SVC) 251 approach, which confined the number of statistical tests to an independently determined area for 252 which we had strong a priori assumptions, thus increasing the sensitivity of the analyses. Note that 253 this first analysis, when performed on the YA, also allowed us to assess whether we can replicate 254 our previous findings, which had been identified in a group of similarly aged young adults. All SVC 255 analyses used a family-wise error correction threshold of p<0.05, at voxel-level. With the second 256 step, our main interest was to test differences among the three groups, both with respect to 257 segregation and effective connectivity. Moreover, we were interested in exploring the relationship 258 between individual differences in neural responses, and EEB. We extracted the parameter estimates 259 for each subject for rSMG (segregation analysis) and for rS1, rS2 and visual cortex (effective 260 connectivity), and with these values computed group comparisons, correlations with age, 261 correlations with EEB and, in specific cases, mediation analyses. Correction for number of ROIs was 262 not applied considered that we tested three a priori and distinct hypotheses, one for each area.
263
Finally, while the SVC and ROI analyses of steps 1 and 2 tested activity/connectivity with higher 264 sensitivity within predefined areas for which we had specific hypotheses, they are agnostic to 265 potentially relevant activation/connectivity in other parts of the brain. Therefore, we 266 complemented them with whole-brain analyses, thresholded at p<.05 FWE-corrected at voxel-level.
267
After this description of our general analysis approach, the following paragraphs describe the 268 specifics and the implementation of the analyses in some more detail.
269

Task-related functional segregation analyses 270
To test rSMG activity related to EEB we performed mass-univariate second-level random effects 271 analyses and assessed it by means of SVC within the rSMG ROI, separately for each age group. In 272 the next step, we tested the hypothesis of lower activity in the AD and OA groups by computing 273 independent T-tests on the mean activity extracted from the rSMG ROI. In addition, as in the 274 behavioral analysis, both a linear and a quadratic relation between age and EEB-related rSMG 275 activity were assessed. Activity in rSMG related to EEB was also correlated with EEB scores. Lastly, 276 we complemented ROIs analyses with whole-brain analysis thresholded at p<.05 FWE-corrected at voxel-level. For the whole-brain analysis we compared adolescents and older adult to young adults, 278 in both directions (YAEEB > ADEEB; YAEEB < ADEEB; YAEEB > OAEEB; YAEEB < OAEEB).
279
Task-related effective connectivity analysis 280 In order to assess how rSMG connectivity with other areas of the brain differs between the three 281 age groups, we performed psychophysiological interaction analyses (PPI, Friston et al., 1997) .
282
Following the same procedure as in Silani et al. (2013) , we first extracted the deconvolved time 283 course from the seed region rSMG (using the same mask that was used for the univariate analysis).
284
In the second step, a PPI regressor was obtained as product of the estimated (deconvolved) BOLD regressor were estimated for each subject. The analyses then followed the three steps described 290 above. We adopted a SVC approach using the masks of the rS1, rS2 and VC to test whether we could 291 replicate the results found in the YAs by Silani et al. (2013) and to test these same areas in the other 292 two groups. We then conducted a ROI analysis by extracting the parameter estimates for each 293 subject for all the three regions and then performed independent T-tests comparing AD and OA to 294 YA as the reference group. Correlations with age were also computed. Moreover, also in this case, 295 to explore the relation between differences in EEB and the rSMG connectivity we ran three 296 correlations with the EEB scores. The results of this analysis suggested mediation analyses (see 
299
Statistical significance at p < 0.05 is indicated by the 95% confidence intervals not crossing zero. As a last step, whole-brain analysis was performed and group comparisons were computed, again 301 comparing AD and OA to YA in both direction. segmented, normalized and modulated images reflecting gray matter volume were finally 314 smoothed with an 8 mm FWHM Gaussian kernel and used for subsequent ROI statistical analysis.
315
ROI analysis was then performed using the rSMG mask also used for the functional analyses. Group 316 comparisons were computed to explore differences between AD and YA and between OA and YA.
317
A correlation analysis of the relationship between age and rSMG volume was also performed. Total 318 intracranial volume (tiv) was included as covariate of no interest in the models. As a last step, group 319 comparisons at whole-brain level were computed also for the structural data. indicated that the linear model is 266.91 times more likely to be correct than the quadratic model 331 (Fig.2b) . 
Task-related segregation results 334
The SVC analyses within rSMG showed significant activity in the rSMG in YA (peak voxel at MNI 335 x/y/z= 60/-34/40), and thus replicated the findings of Silani et al. (2013) . No significant voxels were 336 found, however, in the AD and in the OA group. Testing differences in rSMG activity among the 337 three groups revealed no group differences, nor was there any significant correlation, neither linear 338 nor quadratic, between EEB-related rSMG activity and age. The complementary whole-brain 339 analyses revealed significant activity in the anterior mid-cingulate cortex (aMCC, -3/-4/46) in YA, but 340 no group differences in this area either. However, group comparisons revealed greater activation 341 of the right temporal pole (36/11/-23) in the OA compared to YA. adults and older adults (age on x-axis). 2b. Differences between ratings provided in incongruent vs. 607 congruent trials, separately for self-and other-judgment conditions. While no group differences 608 emerged in the self-judgment condition, older adults showed, compared to the other two groups, 609 a significantly higher incongruity effect in the other-judgment condition, giving rise to a higher EEB 610 (see text). Fig. 4 . Group differences of effective connectivity between rSMG and S1, S2 and visual cortex (VC).
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Older adults showed lower effective connectivity of the rSMG with S1 and S2 compared to the young 621 adults, while no differences emerged between adolescents and young adults. The top of the figure   622 shows the location and the extent of the ROI masks, built from the corresponding results in Silani et 14.75 (2. 
